Thrombocytopenia is common among liver transplant candidates and recipients. The aim of our study was to determine the incidence and outcome of new-onset immune-mediated thrombocytopenic purpura (ITP) following liver transplantation at a single center. Among the 256 liver transplant recipients with an International Classification of Diseases, Ninth Edition code for thrombocytopenia, 8 cases of new-onset ITP were identified, leading to an overall incidence of 0.7% in 1,105 consecutive liver transplant recipients over a 15-year period. All 8 patients were Caucasian, 5 (63%) were male, and the median age at ITP onset was 54 years (range, 15-63). The median platelet count at presentation was 3,500 cells/mL (range, 1,000-12,000) and liver disease was due to hepatitis C (38%), primary sclerosing cholangitis (38%), and cryptogenic cirrhosis (25%). The median time from transplant to ITP onset was 53.5 months (range, 1.9-173). Three of the 6 patients tested (50%) had cell-bound antiplatelet antibodies, 1 patient had an underlying hematological malignancy, and none of the organ donors had a history of ITP. Corticosteroids and/or immunoglobulin infusions were effective in 4 patients. However, serial rituximab infusions were required in 4 patients with persistent thrombocytopenia, and 3 of them eventually required splenectomy to induce disease remission. At a median follow-up of 19.7 months, 7 long-term survivors remain in remission with a median platelet count of 267,000 cells/mL. In conclusion, new-onset ITP is an infrequent but important cause of severe thrombocytopenia in liver transplant recipients. Corticosteroids and immunoglobulin infusions were effective in 50% while the remainder of patients required rituximab infusions or eventual splenectomy for long-term disease remission. Liver Transpl 12: 781-791, 2006.
Autoimmune thrombocytopenic purpura is a disorder characterized by the premature removal of opsonized platelets from the circulation. 1 Autoimmune thrombocytopenic purpura has been further divided into 4 broad etiologic subgroups, including idiopathic immune-mediated thrombocytopenic purpura (ITP), secondary immune thrombocytopenia, immune drug-induced thrombocytopenia, and viral infection-related thrombocytopenia. 2 Clinical manifestations of ITP include mucocutaneous bleeding and bruising, while some patients may present with asymptomatic thrombocytopenia. 3, 4 Although antiplatelet antibodies are frequently detected in ITP patients, these alloantibodies are nonspecific and can be found in patients with splenomegaly and autoimmune disorders, and in blood transfusion recipients. 3 To make a diagnosis of ITP, one must first exclude other more common causes of thrombocytopenia, including infections, drugs, malignancy, and systemic diseases. A bone marrow biopsy demonstrating increased megakaryocytes is supportive of a diagnosis of ITP but not required. 5, 6 Furthermore, an improvement in platelet count with corticosteroids is suggestive but not diagnostic of ITP.
Thrombocytopenia is common among orthotopic liver transplant (OLT) candidates and recipients. The mechanism of thrombocytopenia in OLT candidates is complex and likely due, in part, to reduced hepatic thrombopoietin production, hypersplenism, chronic gastrointestinal bleeding, intravascular hemolysis, and drug effects. As many as 50% of patients develop transient worsening of thrombocytopenia within the first 2 weeks of OLT with subsequent platelet count increases by 1 month. 7 However, persistent thrombocytopenia may be observed in some patients due to residual portal hypertension, hypersplenism, and/or drug effects. Recently, we encountered several OLT recipients with severe symptomatic thrombocytopenia (i.e., Ͻ15,000 cells/mL) and a clinical picture consistent with ITP requiring hospitalization and treatment. The aims of our study were to determine the incidence, clinical presentation and outcome of patients with new-onset ITP in a large liver transplant program. We also set out to determine the response of OLT recipients with new-onset ITP to corticosteroids, intravenous immunoglobulin (IVIG), immunosuppressants, and splenectomy as well as the anti-CD20 agent, rituximab. [8] [9] [10] Finally, we reviewed the published literature on ITP following OLT to develop an algorithm for the diagnosis and treatment of OLT recipients with new-onset ITP.
PATIENTS AND METHODS
This is retrospective review of all adult and pediatric OLT recipients with ITP seen at the University of Michigan Medical Center in Ann Arbor, MI, between January 1990 to June 2005. During this period, 1,105 liver transplants (923 adult, 182 pediatric) were performed. Using ICD-9 codes for thrombocytopenia (287.3, 287.4), 256 OLT recipients were identified and reviewed. The project was approved by the IRB of the University of Michigan with a waiver of consent. Subjects were considered to have ITP if there was evidence of new-onset severe, isolated immune mediated thrombocytopenia (i.e., platelet count Ͻ15,000 cells/mL) in the absence of other identifiable causes of thrombocytopenia, including microangiopathic hemolytic anemia/thrombotic thrombocytopenic purpura, as excluded by peripheral blood smear review. Hematology consultation was obtained on all patients at the time of diagnosis. Additionally, bone marrow biopsy and cellbound antiplatelet antibody (CBPAb) testing were obtained in most patients but not required to make a diagnosis of ITP. All cases of new-onset ITP were reviewed by one of the investigators (PB), an experienced clinical hematologist, to insure that diagnostic criteria for ITP were met.
To identify prior publications on ITP in OLT recipients, a Medline search using the terms thrombocytopenia, liver transplantation, platelets, ITP, and rituximab was conducted. One hundred and eighty-eight articles were identified, and 51 were incorporated into this review.
RESULTS
There were 256 OLT recipients with an ICD-9 code for thrombocytopenia, 25 of whom had no preliminary explanation for thrombocytopenia. Upon further evaluation, 17 patients were excluded for various reasons, including 7 subjects with known ITP prior to transplant, leaving 8 OLT recipients with new-onset ITP following liver transplantation (see Table 1 ). Therefore, the overall incidence of new-onset ITP post-OLT was 0.7% among the 1,105 OLT recipients.
Case 1
A 55-year-old male underwent OLT in 1988 for secondary biliary cirrhosis and developed ductopenic rejection requiring retransplantation 4 months later. He also developed hypertension, diabetes, and renal failure requiring dialysis. At 122 months post-OLT, he was diagnosed with a large granular T-cell lymphocytic lymphoma, which was initially treated by decreasing his cyclosporine dose. At 125 months post-OLT, a liver biopsy showed Epstein-Barr virus (EBV)-related large cell lymphocytic leukemia. The patient was followed clinically with reduction in his immunosuppression. Four years later, in 2001, he was noted to have a platelet count slowly decreasing to 80,000 cells/mL. Cellbound platelet antibody was negative. A bone marrow biopsy performed at 168 months post-OLT (5 months prior to ITP presentation), showed a persistent T-cell large granular lymphocytic leukemia with 50% bone marrow cellularity and trilineage hematopoietic maturation with an adequate number of megakaryocytes.
The patient was evaluated at 14.2 years post-OLT with a platelet count of 12,000 cells/mL, a hemoglobin count of 12.8 g/dL and a white blood cell count of 3,500 cells/mL. Medications at presentation included cyclosporine, lansoprazole, Zaroxolyn, allopurinol, folic acid, erythropoietin, calcium, sevelamer, and lorazepam. After receiving prednisone and IVIg his platelet count increased to 67,000 cells/mL and has remained stable at last follow-up, 29 months since initial ITP presentation.
Case 2
A 46-year-old male underwent OLT for hepatitis C virus (HCV) cirrhosis in 1992 that was complicated by rejection requiring OKT3 as well as chronic renal insufficiency. He received antiviral therapy for 2 months in 1994 for recurrent HCV and had stable a platelet count of approximately 90,000 cells/mL thereafter off interferon.
In early 2002, the patient presented with flu-like symptoms, headache, and new-onset bruising. His daughter had experienced a recent, unspecified viral illness. Immediately prior to presentation and following the development of the aforementioned symptoms, the patient took colchicine and 1 dose of trimethoprimsulfamethoxazole. Shortly thereafter at 117 months post-OLT, he was hospitalized with a platelet count of 6,000 cells/mL, WBC count of 2,900 cells/mL, and a hemoglobin count of 10.8 g/dL. Concomitant medications included cyclosporine, trandolapril, atenolol, allopurinol, ranitidine, fluoxetine, bupropion, and furosemide. A liver ultrasound showed a mildly enlarged spleen with a maximal diameter of 15.4 cm. Following a platelet infusion and a single dose of intravenous ste- roids and IVIg, his platelet count improved to 28,000 cells/mL, and he was discharged home on hospital day (HD) 3. Eight days later, he was rehospitalized for abdominal pain with a hemoglobin of 9.0 g/dL and a platelet count of 89,000 cells/mL. Diagnostic evaluation included negative polymerase chain reaction for cytomegalovirus (CMV) and EBV. The platelet count remained above 47,000 cells/mL throughout the hospitalization without further treatment. Although a bone marrow biopsy and antiplatelet antibodies were not obtained, it was felt that the patient's thrombocytopenia was most likely due to a viral infection precipitating ITP. Thrombocytopenia due to trimethoprim-sulfamethoxasole was felt to be less likely due to the timing of exposure after the onset of bruising and this patient's prior use of this agent without adverse sequelae. Subsequent platelet counts have remained at approximately 50,000 cells/mL without further treatment. The mild chronic thrombocytopenia detected both before and after ITP onset may, in part, be due to portal hypertension from recurrent HCV cirrhosis on liver biopsy.
Case 3
A 57-year-old male underwent OLT in 1993 for primary sclerosing cholangitis. His postoperative course was complicated by hepatic artery thrombosis requiring surgical repair, rejection treated with corticosteroids and OKT3, and recurrent cirrhosis demonstrated on liver biopsy in 1998. At month 98 post-OLT, his platelet count abruptly dropped from a stable baseline of 70,000-100,000 to 3,000 cells/mL without evidence of bleeding. He was followed as an outpatient by a hematologist since his platelet counts remained over 10,000 cells/mL without clinically significant bleeding. Two months later, he was hospitalized with epistaxis and diagnostic serologies including CPBAb, CMV and EBV studies were all negative. Bone marrow biopsy showed patchy marrow cellularity but adequate megakaryocytes. Medications at presentation included tacrolimus, ursodeoxycholic acid, ciclopirox, ranitidine, and diphenoxylate. Sirolimus was substituted for tacrolimus, and the patient was treated with 6 days of plasmapheresis with no improvement. After a prednisone pulse on HD 12 and IVIg on HD 16, his platelet counts improved from 2,000 to 17,000 cells/mL. He also received WinRho for 1 day. Weekly rituximab infusions were started on HD 21, and after the sixth infusion his platelet count improved to 139,000 cells/mL and has remained stable 47 months after initial diagnosis of ITP with no further therapy ( Fig. 1 ).
Case 4
A 63-year-old female with cryptogenic cirrhosis underwent OLT in 1995. The patient had a history of diabetes mellitus, lupus, arthritis, and hypothyroidism. On postoperative day 57, she was noted to have increased serum aminotransferase levels and an asymptomatic platelet count of 20,000 cells/mL. Medications at the time of admission included cyclosporine, prednisone, azathioprine (75 mg/d), as well as furosemide, levothyroxine, glyburide, vitamins, and ranitidine. The azathioprine and glyburide were discontinued, but her platelet count dropped to 3,000 cells/mL and she received platelet infusions. Diagnostic evaluation included mildly positive antiplatelet antibodies as well as a bone marrow biopsy revealing hypercellular marrow and increased megakaryocytes. There was no evidence of CMV or EBV reactivation.
On HD 2, the patient was started on IVIg, and her prednisone dose was increased to 50 mg twice a day. After 3 days of IVIg treatment, she developed non-oliguric renal failure with a peak creatinine of 3.9 mg/dL. Her platelet count began to rise after HD 6 and was 98,000 cells/mL at discharge. Thirteen days later her platelet count was 137,000 cells/mL. Unfortunately, the patient died approximately 1 month later, on postoperative day 100, with sepsis from Clostridium perfringens at an outside hospital. A limited autopsy revealed portal venous gas and massive bowel wall thickening but no evidence of malignancy.
Case 5
A 53-year-old male with primary sclerosing cholangitis and cholangiocarcinoma underwent OLT in 1998. The patient had previously undergone colectomy for ulcerative colitis as well as incidental splenectomy. His post-OLT course was complicated by neuropathy, leukoclastic vasculitis, and coronary artery disease. At 49 months post-OLT, he presented with bruises on his lower extremities and blood in his stool. Medications at presentation included tacrolimus, alendronate, omeprazole, losartan, metoprolol, aspirin, and vitamins. On admission, his platelet count was 12,000 cells/mL, which improved to 53,000 cells/mL following platelet infusion. A serum protein electrophoresis demonstrated a monoclonal gammopathy of uncertain significance, and serum cryoglobulins were undetectable, but a positive CBPAb was noted with reactivity to IIb/ Glycoprotein IIIa and Ia/IIa. He responded to a 6-week course of steroids with a discharge platelet count of 300,000 cells/mL.
The patient was readmitted 6 months after initial ITP presentation with a platelet count of 7,000 cells/mL and treated again with intravenous and oral steroids. EBV serologies were consistent with prior infection. The patient did well off steroids until he had additional flares of symptomatic thrombocytopenia approximately 2 years later (Fig. 2) . He responded to retreatment with IVIg, and his platelet counts have remained above 130,000 cells/mL since his last course of treatment. At 39 months following ITP presentation, his most recent platelet count was 495,000 cells/mL off steroids.
Case 6
A 55-year-old female with cryptogenic cirrhosis underwent OLT in 1998. Her course was complicated by biliary strictures, acute rejection treated with pulse steroids and OKT3, and chronic ductopenic rejection treated with tacrolimus and steroids. In 2003, she presented with bleeding gums and epistaxis and had an initial platelet count of 3,000 cells/mL. A CMV polymerase chain reaction and CBPAb were negative and a bone marrow biopsy demonstrated adequate megakaryocytes. At an outside hospital, the patient was initially treated with dexamethasone and IVIg for 3 days; however, the patient then developed fevers, raising concern for thrombotic thrombocytopenic purpura, and she received plasmapheresis for 2 days without improvement. Upon transfer to the University of Michigan, the patient was found to have positive blood cultures for Staphylococcus aureus. Due to persistent thrombocytopenia despite steroids, weekly rituximab infusions were started on HD 19 and the platelet count subsequently improved to 49,000 cells/mL. However, rituximab was discontinued after 3 doses when the patient developed an acute hypersensitivity reaction, including severe rash and oral mucocutaneous blistering.
The patient did well until 19 months after initial ITP presentation, when she developed an asymptomatic decrease in her platelet count to 14,000 cells/mL with persistently negative CBPAb. She was retreated with high dose steroids and IVIg over a 6-week period and eventually rechallenged with rituximab for persistent thrombocytopenia. She eventually required splenectomy 580 days from initial ITP presentation due to a platelet count of 1,000 cells/mL. She has been treated with ongoing steroids due to concerns for post-OLT autoimmune liver disease. Her most recent platelet count was 376,000 cells/mL at 3.5 months post-splenectomy.
Case 7
A 15-year-old female with primary sclerosing cholangitis underwent OLT in 2002. At 15 months post-OLT, she presented with malaise and hematochezia and was found to have a platelet count of 1,000 cells/mL as well as a hemoglobin of 5.0 g/dL with a WBC of 2,200 cells/ mm 3 . Two months prior to presentation, her WBC was 4,100 cells/mm 3 , hemoglobin count was 13.4 g/dL, and platelet count was 138,000 cells/mL. Medications at presentation included low-dose prednisone and tacrolimus. Bone marrow biopsy demonstrated 90% cellularity with trilineage hematopoietic maturation. Both CMV and EBV studies were negative. Ultrasound on presentation demonstrated splenomegaly with a maximal diameter of 16.3 cm. The patient responded to IVIg and prednisone with a discharge platelet count of 60,000 cells/mL. She was readmitted 18 days from initial presentation due to persistent menstrual bleeding and right retinal hemorrhage with a platelet count of 4,000 cells/mL. Additional treatment included rituximab as well as vincristine. She remained persistently thrombocytopenic with platelet count of 2,000 cells/mL leading to readmission 34 days from initial presentation. During this admission, another course of intravenous steroids, rituximab, and vincristine were given without improvement in platelet counts and she eventually required a splenectomy 40 days after initial presentation. Immediately postsplenectomy, her platelets were 101,000 cells/mL and her most recent platelet count was 543,000 cells/mL 20 months after initial presentation with ITP.
Case 8
A 49-year-old male with HCV cirrhosis and hepatocellular carcinoma underwent OLT in early 2003. Immunosuppression included prednisone, tacrolimus, and mycophenolate mofetil. Due to recurrent HCV with bridging fibrosis on biopsy, pegylated interferon-␣2a 90 g per week with ribavirin 400 mg daily was started on postoperative day #217 with a pretreatment platelet count of 186,000 cells/mL. Three weeks later, he developed spontaneous bruising with a platelet count of 55,000 and antiviral treatment was discontinued. The patient was hospitalized 10 days later with diarrhea, malaise, and bruising and a platelet count of 3,000 cells/mL. Medications included tacrolimus, vitamins, citalopram, ursodeoxycholic acid, gabapentin, and temazepam. Diagnostic studies for CMV and EBV infection as well as heparin-induced thrombocytopenia antibody were negative. However, CBPAb was positive. A bone marrow biopsy revealed normal megakaryocytes. His hospital course was complicated by mucosal bleeding and persistent thrombocytopenia despite treatment with high dose corticosteroids for 5 weeks, IVIg on HD 4-5, and pulse Cytoxan on HD 12. On HD 33, weekly infusions of rituximab were initiated without improvement in his platelet count. Fifty-five days after presentation, he developed a spontaneous subdural hemorrhage with a nadir platelet count of 1,000 cells/mL necessitating emergent splenectomy.
Postsplenectomy, the patient's platelet count increased to 45,000 cells/mL and he was discharged home. However, 72 days after presentation, he was re-hospitalized with extension of his subdural hematoma and a platelet count of 37,000 cells/mL. Without further intervention, his platelet counts improved and his most recent platelet count was 366,000 cells/mL at 27 months post-OLT.
Patients with ITP prior to liver transplantation
There were 7 OLT recipients with established ITP prior to liver transplantation ( Table 2) . Six of the patients were Caucasian (85%) and 57% were men. The median age of these subjects (52 years; range, 14-64 years) was similar to that of the 8 patients with new-onset ITP post-OLT (54 years; range, 15-63 years). The diagnosis of ITP had been made at a median of 11 months prior to OLT, and 4 of the patients had required prior medical therapy or splenectomy. All of these patients are currently alive and well with a mean follow-up of 7.4 years post-OLT. Quite remarkably, none of the patients have had recurrent ITP post-OLT. However, 1 patient did undergo splenectomy due to refractory autoimmune hemolytic anemia post-OLT.
DISCUSSION
Aberrations in platelet level and function are common among OLT recipients particularly in the early postoperative period. A recent series of 541 OLT recipients showed a mean decrease in platelet count of 56% within 2 weeks of surgery and a mean platelet nadir of 44,638 cells/mL seen in the first 4 days post-OLT. However, the mean platelet count exceeded pretransplant levels in most subjects by week 4. 7 The etiology of thrombocytopenia in OLT recipients is complex and likely multifactorial. Contributing factors include splenic sequestration, thrombopoietin deficiency, reperfusion injury, graft vs. host disease, bleeding, disseminated intravascular coagulation, sepsis, intrahepatic deposition of platelets, medications, and viral infections. [11] [12] [13] [14] [15] Medications in particular are a common cause of abnormal platelet count and function in OLT recipients. For example, antimetabolites such as azathioprine and mycophenolate mofetil can lead to thrombocytopenia via direct effects on the bone marrow in a dose-dependent manner. 16, 17 The calcineurin inhibitors cyclosporine and tacrolimus have also been reported to cause thrombocytopenia, although the clinical presentation may be more similar to thrombotic thrombocytopenic purpura. [18] [19] [20] In addition, ganciclovir, valganciclovir, and trimethoprim sulfamethoxazole can lead to thrombocytopenia in transplant recipients. Heparin-induced thrombocytopenia is an increasingly recognized cause of thrombocytopenia and should also be considered in exposed patients. 21 In all of our patients, there was evidence of severe thrombocytopenia at presentation and drugs known to be associated with thrombocytopenia were discontinued early on without improvement in the platelet count.
Acute or chronic viral infections may also be associated with new-onset thrombocytopenia. For example, human immunodeficiency virus infection has been associated with new-onset immune-mediated destruction of platelets. 22 Other viral infections, including CMV, EBV, parvovirus B19, herpes zoster, and varicella also can induce secondary ITP. 12, 13, [23] [24] [25] Therefore, excluding these opportunistic infections is important in the evaluation of unexplained thrombocytopenia among immunosuppressed OLT recipients. In the current series, only Case 2 had a history suggestive of exposure to an undefined viral pathogen but all diagnostic studies were negative. HCV infection is associated with a number of autoimmune extrahepatic manifestations including ITP. 26 In particular, an increased prevalence of HCV infection has been reported in patients with ITP as well as cryoglobulinemia. 27, 28 In addition, not only does interferon therapy for HCV leads to direct suppression of bone marrow progenitor cells, but also rare cases of interferon-induced ITP have been reported. 29 Interestingly, three of the patients with new-onset ITP from the current series had underlying HCV, and two of the patients with known ITP prior to OLT had HCV infection. We speculate that Case 8 in the present series may have had a component of interferon-induced ITP, since severe thrombocytopenia was noted 3 weeks after starting pegylated interferon.
Other noninfectious etiologies that can present with new-onset secondary immune-mediated thrombocytopenic purpura include autoimmune disorders such as systemic lupus erythematosus as well as hematologic malignancies and lymphoma. 30 In the OLT population, posttransplant lymphoproliferative disorder should also be considered in patients with unexplained changes in any blood cell line. Although Case 1 was diagnosed with a variant of leukemia, none of the other patients undergoing bone marrow biopsy in our series had evidence of a malignancy or posttransplant lymphoproliferative disorder at presentation or during follow-up.
The diagnostic value of antiplatelet autoantibody testing in patients with suspected ITP remains unclear due to frequent false-positive and false-negative test results. 30 Interpretation of antiplatelet antibodies is even more challenging in patients with chronic liver disease and portal hypertension who frequently have low titer antiplatelet antibodies with or without associated thrombocytopenia. 31 Consistent with prior reports of OLT recipients with new-onset ITP (Table 3) , 3 of our patients had negative CBPAb while 3 had positive titers. Alloimmune thrombocytopenia can also develop after transplantation of organs from donors with a history of ITP or antibodies to HPA-1a alloantigen. 5, 32, 33 However, review of the donor medical history in our 8 OLT recipients demonstrated no evidence of preexisting ITP in any of the donors.
There have been additional reports of an increased risk of developing ITP in patients with primary biliary cirrhosis and primary sclerosing cholangitis both before and after liver transplantation. [34] [35] [36] [37] [38] [39] [40] [41] Interestingly, there was no apparent overrepresentation of autoimmune liver disease in our 8 patients with new-onset ITP (Table 1) . Similarly, the 7 patients with known ITP prior to OLT had a distribution of liver diseases typical of patients undergoing OLT in the United States without an overrepresentation of autoimmune etiologies, although the number of patients affected is limited ( Table 2) .
The incidence of ITP in the general population is estimated at 50-100 cases per 1 million with over half of the cases arising in children. 6, 42 In the current study, the incidence of new-onset ITP was noted to be higher at 0.7% over the 15-year period. However, the true incidence may be even higher in OLT recipients who are prospectively followed with frequent laboratory monitoring. Nineteen additional cases of new-onset ITP following OLT were identified in the literature (Table 3) . Interestingly, 8 of these 19 patients were younger than 20 years of age, while all of our patients were older than 20 except for Case 7. Despite reports of "classic ITP" having a female-to-male ratio of 2:1 in the general population, the majority of patients in our series were male (63%) as were 47% in the published literature.
Review of the previously published cases indicates that new-onset ITP following OLT may occur either early (i.e., within the first 3 months) or later following OLT. The majority of our patients developed ITP more than 1 year post-OLT, with a mean of 5.4 years from OLT to ITP presentation. Some authors speculate that "early-onset" ITP post-OLT may occur due to passive transfer of antibody from the donor to recipient or other transfusion related phenomenon. 5, 33 In addition, reactivation of CMV, EBV, or varicella infection in the early posttransplant setting when patients are receiving high levels of immunosuppression may increase the risk of ITP. However, we only had 1 patient with early-onset ITP, and there was no evidence of viral infection in this patient (Table 1) .
Standard medical treatment for ITP includes highdose corticosteroids, immunosuppression, and IVIg, as well as plasmapheresis. 2, 6 The intent of these treatments is to reduce the level of circulating antiplatelet antibodies. Data from Stasi et al. suggests that up to 35% of ITP patients receiving prednisone alone will require additional therapy for persistent thrombocytope- nia. 43 Rituximab has been proposed as a salvage therapy for refractory ITP patients who are poor candidates for splenectomy. [8] [9] [10] Four of the patients in the current series were treated with rituximab for refractory ITP, but only 1 achieved a long-term remission. Although rituximab infusions are generally well tolerated, the most frequent complication of this treatment is a hypersensitivity infusion reaction as well as increased susceptibility to infection due to severe B-cell depletion. 1, 44 Caution must also be used when giving rituximab to patients with active or prior hepatitis B infection. 45, 46 Case 6 appeared to have an extreme reaction to rituximab with a severe rash and mucosal blistering, which has rarely been reported with rituximab use. The hazards of IVIg including infusion reactions and nephrotoxicity should also be borne in mind when using this agent in OLT recipients as was seen in Case 4. 47 Based upon our experience and that reported in the literature, an algorithm for the evaluation and management of OLT recipients with severe thrombocytopenia and suspected ITP is presented in Figure 3 . The majority of OLT recipients with thrombocytopenia post-OLT will improve with medication changes and expectant management. However, patients with persistent and unexplained severe thrombocytopenia (i.e., platelet count Ͻ10,000 cells/mL) should be carefully monitored and hospitalized for further evaluation and treatment if they develop bleeding. Consultation with an experienced hematologist is recommended early on, due to the complexity of OLT recipients. In addition to discontinuing potentially myelotoxic drugs, viral and other diagnostic serologies should be ordered. A computed tomography scan of the abdomen and chest should be considered for possible posttransplant lymphoproliferative disorder, as well as a bone marrow biopsy to exclude underlying hematological malignancy. Medical therapy can be initiated in a stepwise manner as proposed in nontransplant ITP patients. Infusion of platelets should be guided by the presence of active bleeding or planned procedures rather than a specific platelet count. Although splenectomy is considered a definitive therapy for chronic refractory ITP, this procedure carries substantial risk, especially in immunosuppressed OLT recipients. A recent case series of 10 patients who underwent splenectomy following OLT revealed a 40% mortality during short-term follow-up. 48 In our study, 3 OLT recipients eventually required splenectomy for refractory ITP as well as 2 of the patients with ITP pre-OLT. Fortunately, all 5 of these patients have done well without significant bleeding or infectious complications and no recurrence of ITP during follow-up.
In conclusion, thrombocytopenia is common among OLT recipients. However, severe unexplained thrombocytopenia remote from OLT is less common and raises the possibility of new-onset ITP vs. sepsis, viral infection, drug effects, or malignancy. A complete battery of viral and diagnostic studies should be performed in patients with persistent unexplained thrombocytopenia. Our data and that of others demonstrate that approximately 50% of patients with new-onset ITP post-OLT may respond to conventional medical therapy and/or adjustments in immunosuppression. Although rituximab appears to be safe in selected OLT recipients with persistent ITP, long-term disease remission is uncommon. Splenectomy should be reserved for OLT recipients with refractory ITP or evidence of life-threatening bleeding. Although the mechanism of early-and late-onset ITP post-OLT remains unclear, a heightened awareness of this disease entity in OLT recipients with unexplained thrombocytopenia is advised.
